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I.  INTRODUCTION 


During  the  oonduct  of  a  kinetic  energy  penetrator  design  study,  the 
Penetration  Meohanios  Branch  experienced  unexpected  ballistic  performance 
variations  from  a  series  of  tungsten  aaterials.  These  aaterials  contained 
75ft  to  95ft  tungsten  in  a  nickel-iron  matrix.  Examination  of  the  firing 
data  reoords  did  not  reveal  any  unusual  behavior  which  oould  be  associated 
with  either  the  penetrator  design  or  the  Impact  geometry.  It  was  decided 
that  the  meohanloal  properties  of  the  material  should  be  determined  inde¬ 
pendently  of  the  manufacturer's  advertised  data. 

Beoauae  there  was  some  oonoern  that  the  aaterials  were  aotually  at 
fault,  the  manufacturer  agreed  to  supply  a  replacement  material  at  no 
charge.  Meohanloal  property  teats  were  run  on  both  the  new  and  original 
eataohes  of  material  to  determine  if  the  material  had  been  improperly  pro¬ 
cessed,  or  whether  the  manufacturer  had  changed  the  processing  history  for 
the  material  between  the  time  of  the  last  tests  and  the  present  ones. 

This  report  covers  the  meohanioal  property  data  gathered  by  the  Solid 
Meohanios  Branch.  At  a  later  date,  these  results  will  be  o cabined  with 
ballistic  performance  data  to  determine  the  extent  that  the  materials 
aooounted  for  test  variations. 


II.  EXPERIMENTAL  PROCEDURES 

The  meohanloal  tests  were  conducted  uslrfg  an  Instron  electromechanical 
testing  machine,  with  a  load  oell  calibrated  for  a  10,000  Kg  maxlmua  load. 
The  data  was  oolleoted  onto  nagnetlo  tapes  with  the  aid  of  a  Hewlett 
Paakard  data  logger;  programs  written  for  the  data  logger  were  utilised  to 
further  reduoe,  analyse  and  plot  the  data. 

All  tensile  specimens  were  of  the  SMB-1  type,  illustrated  in  Figure 
1.  Two  rosette  strain  gages  were  bonded  to  the  oenter  of  the  specimen, 

ISO  apart.  A  one-inch  extensometer  was  also  incorporated  into  the  setup 
to  measure  the  strain-to- failure  as  accurately  as  possible.  The  orosshead 
speed  used  in  every  oase  was  a  rate  of  .02  cm/ minute. 

The  compression  specimens  ware  all  configured  as  shown  in  Figure  1. 
Three  roeette  strain  gages  were  used  in  eaoh  instance,  bonded  with  a  120 
eeperation  at  the  oenter  of  the  apeoimen.  Six  of  the  specimens,  Test  Nos. 
336-3*1,  were  tested  at  a  orosshead  speed  of  .005  cm/ min ,  and  four  tests, 
Nos.  361-36*,  were  run  at  a  rate  of  .01  oa/rnin. 


III.  RESULTS 

Following  are  the  tensile  and  oompressive  properties  of  various  tung¬ 
sten  materials  supplied  to  the  Solid  Meohanios  Branch  for  evaluation. 

Table  I  is  a  summary  of  the  measured  engineering  properties  for  each  of  the 
meterlals  tested.  In  the  table,  the  abbreviation  ”SW”  refers  to  the  per¬ 
cent  swaging  to  which  the  material  was  subjected.  Figures  2-24  are  the 
aotual  engineering  stress-strain  ourves  for  eaoh  of  the  aaterials  listed  in 
Table  I.  All  of  the  teat  specimens  wars  provided  by  the  AAI  Corporation. 


TENSILE  SPECIMEN 


Figure  I.  Test  Specimen  Configurations 
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Table  I.  Tenalle  and  Coaptasalon  Data 


ENGINEERING  GTRECS  (MPa) 


ENGINEERING  STRESS  (MPa)  ENGINEERING  STRESS  (MPa) 


ENGINEERING  STRESS  <M Pa. 


ENGINEERING  STRAIN  «) 


Figure  6.  Uniaxial  tensile  stress-strain  curve  for  an 

unswaged  75%  tungsten  alloy.  Specimen  No.  326. 


Figure  7  .  Uniaxial  tensile  stress-strain  curve  for  an 

unswaged  75%  tungsten  alloy.  Specimen  No.  327. 
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FNHINFFRTNn  STRFSS  <*IPn> 


ENGINEERING  STRAIN  CO 


Figure  -10  •  Uniaxial  compressive  stress-strain  curve  for  an 
unswaged  75%  tungsten  alloy.  Specimen  No.  340. 


Figure  11.  Uniaxial  tensile  stress-strain  curve  for  a  75% 
tungsten  alloy  swaged  14%,  Specimen  No.  357. 


ENGINEERING  STRESS  (MPa)  ENGINEERING  STRESS  CM Pa) 


ENGINEERING  STRAIN  CX) 


Figure  14  •  Uniaxial  compressive  stress-strain  curve  for  a  75% 
tungsten  alloy  swaged  14%,  Specimen  No.  362. 


ENGINEERING  STRAIN  (X) 

Figure  15.  Uniaxial  tensile  stress-strain  curve  for  a  75% 
tungsten  alloy  swaged  21%,  Specimen  No.  359. 


ENGINEERING  STRESS  (MPa)  ENGINEERING  STRESS  (MPa) 


ENGINEERING  STRESS  <MPo>  ENGINEERING  STRESS  CMPa) 


ENGINEERING  STRAIN  (2) 


Figure  18.  Uniaxial  c<mpressive  stress-strain  curve  for  a  75% 
tungsten  alloy  swaged  21%,  Spec inen  No.  364. 


ENGINEERING  STRESS  <MPa> 


ENGINEERING  STRAIN  CX> 


Figure  20.  Uniaxial  tensile  stress-strain  curve  for  a  90% 

tungsten  alloy,  double  sintered.  Specimen  No.  33S 


Figure  21.  Uniaxial  coapressive  stress-strain  curve  for  a  90% 
tungsten  alloy,  double  sintered,  Specimen  No.  336. 
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ENGINEERING  STRFSS  <M Pn)  ENGINEERING  STRESS  (MPo) 


Figure  22.  Uniaxial  coapressive  stress -strain  curve  for  a  90% 
tungsten  alloy,  double  sintered.  Specimen  No.  339. 


m.  mm  m.  mm  m.  mm  m.  mm  n.  is.  mm 

ENGINEERING  STRAIN  «) 

F i-girre  23-  Uniaxial  tensile  stress-strain  curve  for  a 
95%  tungsten  alloy.  Specimen  No.  332. 
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The  original  Material  uaad  in  tha  panatratora  was  a  905  tungsten  alloy 
as  supplied  by  Teledyne  Firth-Sterling  Co.  As  stated,  the  Motivation  for 
oooduoting  these  tests  was  the  unexpected  performance  observed  during  the 
early  stages  of  the  pr ogres,  when  the  penetration  test  results  for  this 
Material  began  to  show  unaooeptable  variations  in  the  ballistic  Units  for 
the  penetrator . 

Bng in earing  data  on  the  replaoenent  Material  that  was  r tpplied  by  the 
Manufacturer  is  given  in  Table  I  as  Test  los.  331,  335,  336,  339,  and  in 
Figures  19-21.  The  only  known  change  in  the  processing  history  of  this 
Material  as  ooapared  to  the  original  Material  was  a  double  sinter  step. 


Comparing  the  original  Material  and  it's  replaoenent,  one  sees  very 
little  difference  in  the  Mechanical  properties.  Only  enough  Material  was 
available  to  oonduot  tensile  tests  on  the  original  Material.  The  only  dif¬ 
ferences  that  appear  are  in  the  ultiaate  stress  and  strain,  and  the  frac¬ 
ture  strain.  The  ultimate  strain  is  the  strain  at  the  ultiaate  stress,  or 
aaxlaun  load.  The  fracture  stress  is  the  load  at  failure,  divided  by  the 
oross-seotlonal  area  of  the  speoiaen  at  failure. 

A  brief  look  was  taken  at  the  fraoture  surfaoes  of  the  tensile  speci- 
aens  for  both  the  original  and  replaoenent  Material.  Typical  electron 
Micrographs  of  the  fraotures  are  shown  in  Figures  25  and  26.  No  signifi¬ 
cant  differences  were  noted  in  the  partlole  sixes.  The  Most  notable  dif¬ 
ference  is  in  the  nunber  of  fraotured  tungsten  partloles  appearing  on  the 
fraoture  surface;  the  original  Material  reveals  a  greater  number  of  frac¬ 
tured  partloles  than  the  replaoenent  Material.  This  difference  would 
aooount  for  the  higher  ultiaate  stress  and  strain  of  the  original  Material. 
The  tungsten  particles  in  the  replaoenent  Material  are  not  as  tightly  bound 
to  eaah  other;  consequently,  failure  ooours  in  an  intergranular  node, 
rather  than  t ran agranular.  Processing  details  were  not  available;  a  possi¬ 
bility  nay  be  that  the  replaoenent  Material  was  sintered  at  a  lower  temper¬ 
ature  than  the  original  Material. 


IV.  DISCUSSION 

Tungsten  alloy  is  sonewhat  of  a  aisnoner;  the  Material  should  be  aore 
oorrectly  referred  to  as  a  composite,  as  it  is  composed  of  tungsten  parti¬ 
cles  embedded  in  a  natal  Matrix.  Most  often  for  pane tra tors ,  this  Matrix 
is  a  nickel-iron  Material.  The  Material  is  processed  by  liquid  phase  sin¬ 
tering  under  pressure,  l.e.  the  nickel-iron  Matrix  beoomes  liquid  at  the 
temperature  and  pressure  used  during  the  process.  The  Manufacturer's  con¬ 
cern  was  that  the  original  Material  had  not  been  fully  liquid  phase  sin¬ 
tered  and  that  it  nay  have  contained  some  porosity.  Unfortunately,  ballis¬ 
tic  testing  does  not  lend  itself  to  valid  examination  of  the  snail  nuances 
of  the  Material  after  the  test.  These  penetrators  that  failed  to  perform 
properly  oould  not  be  examined  after  the  faot  to  check  for  porosity.  Con¬ 
sequently,  the  Manufacturer  decided  to  reainter  the  material  in  an  effort 
to  avoid  any  possible  porosity  in  the  penetrators.  The  Material  supplied 
to  the  Solid  Mechanics  Branch  say  or  aay  not  have  been  representative  of 
the  entire  batch  of  Material. 
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Figure  25.  Fracture  surface  of  original  material. 


Test  results  on  a  series  of  tungsten  alloys  ranging  In  tungsten  con¬ 
tent  from  75%  to  90K  are  submitted  herein.  Tensile  and  compressive  data 
did  not  reveal  unusual  variations  in  material  properties.  To  assess  the 
sensitivity  of  the  small  variations  observed,  it  will  be  neoessary  to 
relate  the  data  in  this  report  to  the  ballistios  results  as  they  become 
available . 
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